The mortality in patients presenting with ruptured abdominal aortic aneurysm remains high. In this study we aimed to assess the outcome and factors predicting the mortality in patients admitted to a teaching hospital with the diagnosis of ruptured abdominal aortic aneurysm.
Rupture of an abdominal aortic aneurysm (RAAA) is a surgical emergency associated with a high mortality and morbidity 1, 2 . Successful outcome depends on a number of factors including prompt diagnosis and surgical management with access to postoperative intensive care. The signs and symptoms of a RAAA may include back pain, abdominal pain and in some cases collapse with loss of consciousness. Patients with RAAA may have substantial co-morbidities such as diabetes mellitus, chronic obstructive pulmonary disease (COPD) and ischaemic heart disease. The reported Australian in-hospital mortality varies from 39 to 47.5% 3, 4 and various factors have been found to affect mortality. These include age greater than 76 years, elevated serum creatinine level, loss of consciousness, haemoglobin less than 9 g/l and myocardial ischaemia 3 . Recent data suggest that endoluminal repair of an abdominal aortic aneurysm prior to rupture may offer a mortality advantage 5 . The aim of this study is to review the results of patients admitted to our hospital with RAAA and to identify the factors contributing to hospital mortality.
METHODS
The study was a retrospective observational study over a six-year period from July 2001 to July 2007. All patients presenting to the emergency by the presence of retroperitoneal or intraperitoneal blood or both) were included in the study. The study was undertaken at Frankston Hospital, the acute care hospital for Peninsula Health. The hospital is with Monash University. The emergency department has three resuscitation bays and is accredited for emergency physician training. The department of surgery has a dedicated vascular unit and all emergency surgery undertaken on patients with RAAA was performed by consultant vascular surgeons. Anaesthesia was administered by consultant anaesthetists. Dedicated consultant intensivists provided postoperative care in a 10-bed level 3 intensive care unit (ICU), which is accredited for intensive care training.
Retrospective data were obtained on all patients with a diagnosis of RAAA using the Australian and New Zealand Intensive Care Society database as recorded using STATIC software and the patient's medical records. Demographic data relating to age and gender as well as the co-morbidities such as hypertension, diabetes mellitus, ischaemic heart disease and COPD at the time of admission to emergency department were recorded. The mode of clinical presentation to the emergency department was reviewed and documented as abdominal pain, back pain or collapse. The patient's preoperative blood pressure and consciousness (able to respond to verbal commands) was recorded and hypotension Preoperative ECG evidence of myocardial ischaemia haemoglobin below 10 g/l and renal impairment creatinine of greater than 150 mmol/l. Where available, triage time was documented and when a medical decision was made not to proceed to surgery, the reasons given were noted.
The intensive care course was reviewed and the treatment with postoperative ventilation, inotropic support and renal replacement therapy were recorded. Postoperative cardiac and cerebrovascular complications were recorded. Serial electrocardiographs were reviewed for evidence of increase in cardiac enzymes. Clinical evidence of a mortality and discharge destination were recorded.
Statistical analysis
Data on demographic, preoperative, intraoperative and postoperative variables were collected on an Excel spreadsheet (Microsoft Corp, Redmond, Wash) and exported to SPSS (version 15.0 for Windows; SPSS Inc, Chicago, IL, USA) for analysis. The variables were then compared between the patients who died in the hospital and those who survived to hospital discharge. Fisher's exact test was performed on categorical variables and the Student t-test (parametric data) or Mann-Whitney test (non parametric data) was used for comparison of continuous variables. A P value of less than 0.05 regression analysis was applied to determine the variables that were independently associated with mortality and to estimate the odds ratios.
RESULTS
A total of 62 patients presented with RAAA. The demographics and clinical features at presentation to the emergency department are presented in Table 1 . Of these 62 patients, 59 (95%) had surgery. One patient was not suitable for surgery due to advanced malignancy and the reason for not operating on the other two patients was not clearly documented in the case records. All three patients who were not operated on died. The median triage to theatre time in our series was 91.5 minutes. The median triage to theatre time was lower in patients with hypotension on presentation as compared to those without hypotension. This however was not P=0.41). The median triage time in patients who died was 75 minutes and for those who survived to discharge was 105 minutes (P=0.41). Four patients died in theatre and 55 patients were admitted to the ICU. During the immediate postoperative period 46 of the 55 patients (84%) were mechanically ventilated. Thirty-nine (71%) patients received inotropes and their ICU stay. Myocardial infarction was noted in 13 (24%) patients and none of the patients had a cerebrovascular event.
Of the total of 62 patients, 20 (32.3%) died before discharge from hospital. Twelve patients (19.4%) were discharged home, 25 patients (40.3%) were 
DISCUSSION
Our results show that the hospital mortality in our series is 32%. Advanced age, loss of consciousness at the time of presentation and the duration of survivors and non-survivors. Logistic regression analysis showed age and the presence of COPD independently predicts mortality.
Epidemiological studies on abdominal aortic aneurysms have shown an increasing incidence of RAAA [6] [7] [8] . While the mortality in patients operated for RAAA was shown to be lower in some recent studies 9 , the reported mortality still remains high with scope for further improvement. The reported mortality of RAAA varies from 31 to 65% 9,10 . The hospital mortality in our series was 32% and this compares favourably with both Australian 3,4 and international data 5,10,11 .
As expected, both the ICU and hospital length of stay was substantial. Despite a prolonged ICU and hospital length of stay, patient outcomes were favourable. The majority of our patients (40%) were discharged to a rehabilitation hospital suggesting that ongoing assistance with mobility and activities of daily living was required after hospital discharge.
Several factors were found to be associated with an increased mortality following RAAA. These include age, total number of blood products received, duration of surgery, hypotension with a score, creatinine >0.19 mol/l, loss of consciousness after presentation and lower haemoglobin levels 3, 4, 12 .
only COPD (P=0.04) and age (P=0.02) as the two variables predicting mortality. None of the factors such as haemoglobin, loss of consciousness, hypotension, serum creatinine level and myocardial ischaemia, requirement of inotropes or renal replacement were found to be independently associated with mortality in our series. Although age has been a predictor of mortality in several studies [11] [12] [13] including our own, the association of COPD with mortality remains unclear from the previous studies 2, 9 .
The high prevalence of COPD in patients with thoracic or abdominal aortic aneurysm was noted in previous studies 14 . The exact role of COPD in the pathogenesis, prognosis and operative mortality remains unclear. However, the presence of COPD has been shown to be associated with a higher rate of aneurysm expansion, particularly in patients who are on corticosteroids, and the presence of COPD increased the risk of rupture [15] [16] [17] . The impact of COPD on outcome following elective and ruptured abdominal aortic aneurysm repair was studied by Axelrod and colleagues 9 . The results of their study showed no increased risk of mortality in patients with COPD. On the other hand, the study by Koskas and Kieffer 2 showed that the presence of COPD was a predictor of mortality. This discrepancy may be due to multiple factors that could alter the outcome of patients. However it is interesting to note that the mean age of patients in studies looking at the impact of COPD in patients with an abdominal aortic aneurysm was less than 70 years 9, 14 . In our study the mean age of patients was 76.3 years and nearly 80% of the patients were over 70 years. The mean age group in the study by Koskas 2 was 73.1. This may imply that presence of COPD in older patients presenting with RAAA may be a factor that increases mortality. Further studies on older patients with COPD and RAAA may clarify the role of COPD in increasing the mortality.
The impact of delay to surgery on survival in patients with RAAA was evaluated in a retrospective study by Salhab et al 18 . They reviewed the time from arrival at the emergency room to surgery and the operative time of 45 consecutive patients with RAAA. They concluded that delay to surgery and a long operation increase the mortality rate following RAAA repair. However delay to surgery alone did to theatre time in our series was about 92 minutes. This time was 75 minutes in patients who died and in those who survived to discharge it was was short in the critically ill patients where an increased mortality is anticipated. patient outcomes. These include the type of the hospital, the expertise of the surgeons operating and the ICU practices following surgery 11, 13, 19, 20 .
Our data suggest a decreased mortality when compared to previously published data in Australia when surgery was performed by the surgical consultant on call 4 . All the operations in our unit were performed by vascular surgeons. The decreased mortality associated with RAAA when surgery is performed by a vascular surgeon is consistent with published data from Massachusetts that reviewed by general surgeons carried a mortality of 65% as compared to a mortality of 39% when surgery was performed by vascular surgeons 10 .
The ICU protocol may also affect the outcome of non-elective abdominal aortic aneurysm repair. Sandison et al 20 compared the outcome of patients undergoing non-elective abdominal aortic aneurysm repair at two hospitals under the care of a single patients who underwent emergency or urgent repair of an abdominal aortic aneurysm in two English hospitals were reviewed. The hospital which used fewer interventions (pulmonary artery catheters, colloid and inotropes) showed a reduced mortality. Our ICU seldom performs Swan Ganz catheterisation to assess haemodynamic status and although there is no evidence that colloids are unsafe.
The limitations of our study are that the data are retrospective and the data on intraoperative factors such as duration of aortic cross-clamping, duration of surgery, intraoperative blood loss and hypotension, and the need for aortobifemoral bypass our patients and hence these factors were not included in the analysis. These factors have been shown to affect mortality in previous studies 1 . While COPD was found to be an independent predictor of mortality, our data did not enable us to quantify the severity of COPD and the relation of severity of COPD to mortality. Such data could further clarify the role of COPD in the overall outcome of patients with RAAA.
CONCLUSION
The outcome of patients with RAAA in our hospital compares favourably with published data. Advanced age and presence of COPD are independent predictors of mortality.
